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Background The dynamic trends of pulmonary function in coronavirus disease 2019 (COVID-19) survivors since
discharge have been rarely described. We aimed to describe the changes of lung function and identify risk factors for
impaired diffusion capacity.

Methods Non-critical COVID-19 patients admitted to the Guangzhou Eighth People's Hospital, China, were
enrolled from March to June 2020. Subjects were prospectively followed up with pulmonary function tests at dis-
charge, three and six months after discharge.

Findings Eighty-six patients completed diffusion capacity tests at three timepoints. Themean diffusion capacity for carbon
monoxide (DLCO)% pred was 79.8% at discharge and significantly improved to 84.9% at Month-3. The transfer coefficient
of the lung for carbon monoxide (KCO)% pred significantly increased from 91.7% at discharge to 95.7% at Month-3. Both
of them showed no further improvement at Month-6. The change rates of DLCO% pred and KCO% pred were significantly
higher in 0−3 months than in 3−6 months. The alveolar ventilation (VA) improved continuously during the follow-ups.
At Month-6, impaired DLCO% pred was associated with being female (OR 5.2 [1.7−15.8]; p = 0.004) and peak total lesion
score (TLS) of chest CT > 8.5 (OR 6.6 [1.7−26.5]; p = 0.007). DLCO% pred and KCO% pred were worse in females at dis-
charge. And in patients with impaired diffusion capacity, females’ DLCO% pred recovered slower thanmales.

Interpretation The first three months is the critical recovery period for diffusion capacity. The impaired diffusion
capacity was more severe and recovered slower in females than in males. Early pulmonary rehabilitation and individ-
ualized interventions for recovery are worthy of further investigations.

Copyright � 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

The survivors are still suffering from the sequelae of the
COVID-19. Long-term follow-up studies have also shown
that a significant proportion of survivors have impaired
lung function. We searched PubMed without language
restriction for studies published up to September 10,
2021, using search terms ("COVID-19 OR "SARS-CoV-200)
AND ("discharge" OR "survivors") AND ("lung function"
OR "pulmonary function" OR "diffusion capacity") and
their synonyms. However, the longitudinally dynamic
changes of lung function in survivors of non-critical
COVID-19 remain unclear and risk factors associated
with pulmonary function impairment are not fully
understood.

Added value of this study

We have conducted a prospective study with pulmo-
nary function tests (PFT) and questionnaires at dis-
charge, three and six months post-discharge. Carbon
monoxide (DLCO)% pred improved in the first 3 months
after discharge. At Month-6, impaired DLCO% pred was
associated with being female (OR 5.2 [1.7-15.8]). Further
analysis showed that in patients with impaired diffusion
capacity, DLCO% pred of females recovered slower than
that in males.

Implications of all the available evidence

Our study suggested that the first three months is the
critical recovery period for diffusion capacity and that
the recovery of diffusion capacity is slower in females
than that in males. Early pulmonary rehabilitation and
individualized interventions for recovery are worthy of
further investigations.
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Introduction
The outbreak of coronavirus disease 2019 (COVID-19)
has brought a heavy burden on health expenditure. As
of August 30, 2021, more than 214 million laboratory-
confirmed cases have been documented globally, and
4.4 million have died from it.1 The survivors are still suf-
fering from the sequelae of the COVID-19. A single-cen-
ter longitudinal study demonstrated that clinical
sequelae during early COVID-19 convalescence were
common, including general symptoms, respiratory
symptoms, cardiovascular-related symptoms, psychoso-
cial symptoms and alopecia.2 And 33−39% of patients
complained of respiratory symptoms such as dyspnea
(mainly exertional dyspnea), chest distress, cough after
discharge.2−4 Besides, some survivors were identified
with impaired exercise tolerance.3,5 These residual
symptoms and functional sequelae may correlate to
impaired lung function.6 Therefore, the changes of
lung function in COVID-19 patients after discharge
need to be paid attention to.
In our previous study, the percentage of COVID-19
patients with impaired ventilatory function at discharge
was 13.64%, and as high as 47.22% in impaired diffu-
sion capacity.7 Long-term follow-up studies of COVID-
19 have also shown that a significant proportion of
patients have impaired lung function.8−10 Pulmonary
diffusion dysfunction was the main feature, followed by
the restrictive or obstructive ventilatory defect.8,11 In
Gonz�alez et al., the proportion of impaired diffusion
function was 82% among critical COVID-19 patients at
three months after discharge.5 Huang et al. showed that
34% of COVID-19 patients had diffusion dysfunction at
six months after discharge.12 In patients with severe
COVID-19, there were 54%, 33% of patients still pre-
senting diffusion dysfunction at six, twelve months after
discharge, respectively.13 Additionally, in patients recov-
ered from other coronavirus pneumonia, follow-up
studies found that a long period would be taken for
recovery of diffusion capacity. At one or even two years
after discharge, there were 21−52.7% of SARS patients
had diffusion dysfunction.14−16 For MERS, 37% of sur-
vivors remained impaired diffusion capacity one year
after discharge.17 Above of these indicated that diffusion
dysfunction may be a long-term sequela in COVID-19.
The long-term follow-up of lung function, particularly
diffusion capacity, may need to be performed for
COVID-19 survivors.

The longitudinally dynamic changes of lung func-
tion in patients with COVID-19 since discharge from
the hospital have been rarely described. We have con-
ducted a prospective study with pulmonary function
tests (PFT) at discharge, three and six months post-dis-
charge. The current study aimed to comprehensively
describe the trends of pulmonary rehabilitation in
COVID-19 survivors, and identify risk factors associated
with pulmonary function impairment.
Methods

Study design, subjects and data collection
The prospective study was performed at the Guangzhou
Eighth People’s Hospital from March to December
2020. Non-critical COVID-19 patients aged 18−75 years
were consecutively included between March and June
2020. All patients had subsequent laboratory confirma-
tion of SARS-CoV-2 using real-time RT-PCR. Patients
were excluded if they (1) could not return to the hospital
or cooperate to complete medical tests due to any rea-
son, (2) had chronic respiratory diseases or severe pul-
monary comorbidities(such as pulmonary embolism,
pulmonary resection). The severity of COVID-19 was
assessed by the guideline from China18 as follows: (1)
Mild cases (the clinical symptoms were mild, and there
was no sign of pneumonia on imaging); (2) Moderate
cases (showing fever and respiratory symptoms with
radiological findings of pneumonia); (3) Severe cases
www.thelancet.com Vol 43 Month January, 2022
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(respiratory distress (3 30 breaths/ min); oxygen
saturation≤ 93% at rest; arterial partial pressure of oxy-
gen (PaO2)/ fraction of inspired oxygen (FiO2)
2 300 mmHg (l mmHg = 0.133 kPa); cases with chest
imaging that shows obvious lesion progression within
24−48 h > 50%; 4) critical cases (respiratory failure and
requiring mechanical ventilation; Shock; With other
organ failure that requires ICU care).We included
patients with non-critical COVID-19 in the study.

Demographic, chest CT during hospitalization, rou-
tine blood tests as well as inflammatory biomarkers at
admission were collected from medical records. The eli-
gible patients underwent three times of follow-up
including the discharge, three months and six months
after discharge, respectively. All subjects were inter-
viewed with modified Medical Research Council dys-
pnea scale (mMRC)19 and sequela symptoms, and
underwent pulmonary function tests (PFT) at discharge,
three months and six months after discharge. The
sequela symptoms consisted of cough, chest tightness,
chest pain, sleep difficulties, fatigue or weakness, short-
ness of breath, hair loss, spitting, palpitation, diarrhea
or vomiting, dizziness, bone or joint pain, dysosmia.
The above follow-up data constituted a complete case
dataset. Chest CT were performed again at 6 months
after discharged.

Written informed consents were obtained from all
patients. This study was approved by the Ethics Com-
mission of Guangzhou Eighth People’s Hospital (No.
2020−92).
Pulmonary function tests
Spirometry, carbon monoxide (CO) diffusing tests and
lung volume measurements were performed on Quark
PFT (Cosmed, Rome, Italy) according to American Tho-
racic Society guidelines.20 Technicians from the pulmo-
nary function laboratory performed these tests. DLCO

was measured by the single-breath method. The param-
eters were recorded as follows: forced expiratory volume
in the first second (FEV1)% pred, forced vital capacity
(FVC)% pred, FEV1/FVC ratio, diffusing capacity of the
lung for carbon monoxide (DLCO)% pred, transfer coeffi-
cient of the lung for carbon monoxide (KCO)% pred,
alveolar ventilation (VA), residual volume (RV)% pred,
total lung volume (TLC), RV/TLC ratio. The DLCO%
pred had been adjusted for hemoglobin. The change
rates of diffusion capacity parameters were calculated as
below: the change rate of variable X = [(value _after −
value _before) / value _before] * 100%.
Chest CT acquisition and image analysis
Chest CT was conducted by an Optima CT680 scanner
(GE Medical Systems, Milwaukee, WI), with a mini-
mum slice thickness of 1 mm. All images were analyzed
in a consistent manner by an experienced radiologist
and a pulmonologist. Ground glass opacity (GGO),
www.thelancet.com Vol 43 Month January, 2022
crazy-paving pattern, and consolidation defined by the
Fleischner Society glossary were recorded.21 A semi-
quantitative scoring system was used to quantitatively
estimate the pulmonary involvement of these abnormal-
ities on the basis of the area involved.22 Specifically,
each of the five lung lobes was visually scored from 0 to
5 as: 0, no involvement; (1) < 5% of a lobe (minimal but
not normal), (2) 5−25% of a lobe, (3) 26−49% of a lobe;
(4) 50−75% of a lobe; (5) > 75% of a lobe. Total lesion
score (TLS) is calculated by adding up the lung lesion
score of five lobes, with a total score 0−25.23 The peak
TLS was calculated by the most severely impaired CT
image during hospitalization.
Statistical analysis
Continuous variables were described as mean (standard
deviation, SD) or median (interquartile range, IQR).
Categorical variables were presented as numbers (per-
centage). A two-sample independent T-test or Mann-
Whitney U test or x2 test was used between two groups.
One-way ANOVA or Kruskal−Wallis H test or x2 test
was performed among three different groups. General-
ized estimating equations were used for repeated
measurement in different periods. Univariate and mul-
tivariate logistic regression analyses were conducted to
explore risk factors associated with impaired pulmonary
function at different stages of convalescence. All tests
were two-sided and a p value less than 0.05 was defined
as statistically significant and significance values have
been adjusted by the Bonferroni correction for multiple
comparisons. Statistical analyses were performed using
SPSS (version 26.0), violin figures were done by Origin-
Pro (version 9.1.0) and the smoothed curve was done by
R language (version 4.0.3).
Role of funding source
Funders had no role in the study design, study partici-
pant selection and recruitment, data collection and
analysis, data interpretation, decision to publish, or
preparation of the manuscript. All authors had full
access to all the data in the study and had final responsi-
bility for the decision to submit for publication.
Results

Demographic and clinical characteristics
Among 126 cases, 16 patients lost follow-up and 110
patients finishing three times of follow-up were
included in the study. There were 85 patients complet-
ing three times of spirometry, and 86 patients complet-
ing three times of DLCO and lung volume
measurements (Fig. 1). Of the 86 patients who com-
pleted three times of DLCO and lung volume measure-
ments, 85 completed chest CT at the 6th month after
discharge. The demographic and clinical characteristics
3



Figure 1. Flow chart of the enrollment of patients with COVID-
19 discharged from Guangzhou Eighth People’s Hospital
between March and June 2020.
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of participants are shown in Table 1. The median age of
the enrolled patients was 45 years (34−56), and 51.8%
(57/110) being female. The median body-max index
(BMI) was 23.6 kg/m2 (21.9−25.6). There were 25.5%
(28/110) of patients with at least one comorbidity. Com-
mon comorbidities included hypertension (13.6%, 15/
110), diabetes (8.2%, 9/110). During hospitalization, the
main radiographic abnormalities were ground-glass
opacities (90.0%), consolidation (48.2%) and crazy pav-
ing pattern (40.9%). The median peak TLS was 7.0 (3.0
−12.0), increasing with the severity of the disease. Com-
pared with the mild or moderate group, the proportion
of abnormal CRP, SAA and D-dimer were higher in
patients with severe COVID-19 (all p < 0.01) (Table 1).

67.2%, 54.5% and 45.5% of patients reported at least
one sequela symptom at discharge, three months and six
months after discharge, respectively. The number of partic-
ipants with sequela symptoms decreased significantly at
three months (p < 0.01), but not further decreased at six
months (Table 2). The number of patients with an mMRC
score of at least 1 point was 10 (9.1%), 5 (4.5%) and 4
(3.6%) in the three visits. It was significantly decreased at
six months (p < 0.01) (Table 2).
Progress of pulmonary function at discharge, 3-month,
6-month
As shown in Table 2, FVC% pred, FEV1% pred and
FEV1/FVC% showed no significant difference among
the three times of follow-up. 8.2%, 9.4% and 3.5% of
patients presented abnormal FVC, FEV1 and FEV1/FVC
at discharge, respectively. A minority of patients still
remained abnormal spirometry at three and six months
after recovery. Compared with that at discharge, TLC%
pred significantly increased at three months (90.6% vs
88.4%, p < 0.01) and 6 months (91.5% vs 88.4%,
p < 0.01) after recovery. The mean RV% pred at six
months after discharge was higher than those at dis-
charge (98.7% vs 88.4%, p < 0.01) and three months
(98.7% vs 90.6%, p < 0.01). The percentage of TLC
< 80% pred at discharge was 12.8%, and the RV < 65%
pred was accounted for 3.5% (Table 2).

In terms of diffusion capacity, 40.7%, 34.9%, 32.6%
of patients remained abnormal DLCO at discharge, three
months and six months, respectively. Compared with
that at discharge, DLCO% pred significantly improved at
three months (84.9% vs. 79.8%, p < 0.01) and six
months (85.7% vs. 79.8%, p < 0.01) after recovery. But
there was no significant difference in DLCO% pred
between the 3-month and 6-month follow-up. The
change trend of KCO% pred during the period of follow-
up were similar to DLCO% pred. (Table 2). These results
were particularly shown in moderate and severe cases
(Fig. 2 and appendix pp 1−2). VA at three months
(5.0 vs 4.9, p < 0.01) and six months (5.1 vs 4.9,
p < 0.05) were higher than that at discharge. And com-
pared with three months after discharge, VA also signifi-
cantly increased at six months (5.1 vs 5.0, p < 0.05).
DLCO% pred and KCO% pred showed significant
improvement at month 3, but no further improvement
at the month 6. VA significantly improved over time
during the follow-up (Table 2 and Fig. 3)

After discharge, the change rate of DLCO% pred
(4.7% and 1.2%, p < 0.01) and KCO% pred (4.2% vs.
�1.1%, p < 0.01) in 0−3 months was significantly
higher than that in 3−6 months. And the VA change
rate in 0−3 months was not significantly different from
that in 3−6 months (2.4% vs. 0.8%, p = 0.086) (Appen-
dix p 2).
Risk factors of abnormal DLCO

To explore the potential risk factors of abnormal DLCO

in different stages of follow-up, the univariate (Appen-
dix p 3) and multivariate logistic regression models
were conducted (Fig. 4). As shown in Fig. 4, at dis-
charge, severe (OR 5.0 [95% CI 1.0-24.1]; p = 0.044),
≥ 60 years old (OR 4.9 [95% CI 1.3−18.9]; p = 0.021),
peak mMRC (OR 3.0 [95% CI 1.1−8.76.5-]; p = 0.037),
peak TLS (OR 6.5 [95% CI 1.8−24.2]; p = 0.005) were
risk factors of DLCO impairment. At six months, peak
TLS > 8.5 (OR 6.6 [95% CI 1.7−26.5]; p = 0.007), and
female (OR 5.2 [95% CI 1.7−15.8]; p = 0.004) were risk
factors of abnormal DLCO.

In comparisons of gender, the DLCO% pred, KCO%
pred of females were significantly lower than those of
www.thelancet.com Vol 43 Month January, 2022
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Total Mild Moderate Severe

Number of patients 110 11 83 16

Demographics

Age, years 45.0 (33.8, 56.3) 35.0 (21.0, 45.0) 45.0 (35.0, 56.0) 52.5 (45.3, 57.0)*

Female 57 (51.8%) 5 (45.5%) 47 (56.6%) 5 (31.3%)

BMI, kg�m�2 23.6 (21.9, 25.6) 23.7 (20.7, 24.5) 23.4 (21.4, 25.4) 24.7 (23.6, 26.7)

Smoking status

Never smoke 96 (87.3%) 10 (91.0%) 73 (87.9%) 13 (81.3%)

Current smokers 8 (7.3%) 1 (9.1%) 5 (6.0%) 2 (12.5%)

Ever-smokers 6 (5.5%) 0 (0%) 5 (6.0%) 1 (6.3%)

Comorbidities 28 (25.5%) 1 (9.1%) 23 (27.7%) 4 (25.0%)

Hypertension 15 (13.6%) 1 (9.1%) 9 (10.8%) 5 (31.3%)

Diabetes 9 (8.2%) 1 (9.1%) 6 (7.2%) 2 (12.5%)

Liver disease 6 (5.5%) 0 (0.0%) 5 (6.0%) 1 (6.3%)

Cerebrovascular disease 2 (1.8%) 0 (0.0%) 2 (2.4%) 0 (0.0%)

Solid tumor 2 (1.8%) 0 (0.0%) 1 (1.2%) 1 (6.3%)

Laboratory

CRP > 10 mg/L 57/110 (51.8%) 0/11 (0.0%) 42/83 (50.6%)** 15/16 (93.8%)**,##

SAA > 10 mg/L 56/91 (61.5%) 0/9 (0.0%) 42/68 (61.8%)** 14/14 (100.0%)**,##

D-dimer > 1000 mg/mL 79/109 (70.9%) 6/11 (54.5%) 56/82 (68.3%) 16/16 (100.0%)**,##

Blood cell county

White blood cell, £ 109/L 5.5 § 2.2 6.9 § 3.0 5.2 § 1.7* 6.0 § 3.2

Neutrophils, £ 109/L 3.6 § 1.9 4.4 § 2.6 3.3 § 1.5 4.5 § 3.0

Lymphocytes, £ 109/L 1.4 § 0.6 1.9 § 0.8 1.4 § 0.6* 1.1 § 0.6##

Chest CT

GGO 99 (90.0%) 0 (0.0%) 83 (100.0%)** 16 (100.0%)**

Consolidation 53 (48.2%) 0 (0.0%) 42 (50.6%)** 11 (68.8%)**

Crazy paving pattern 45 (40.9%) 0 (0.0%) 33 (39.8%)** 12 (75.0%)**,#

Total lesion score 7.0 (3.0−12.0) 0.0 (0.0−0.0) 7.0 (4.0−11.0)** 15.5 (11.3−19.8)**,##

Peak mMRC score ≥ 1 38 (34.5%) 3 (27.3%) 30 (36.1%) 5 (31.2%)

Inpatient days 22.5 (16.0, 28.0) 17.0 (8.0, 21.0) 23.0 (16.0, 29.0) 23.0 (17.5, 27.5)

Oxygen therapy

Nasal cannula or face mask 68/110 (61.8%) 2/11 (18.2%) 63/83 (75.9%)** 3/16 (18.8%)##

HFNC 12/110 (10.9%) 0 (0.0%) 0 (0.0%) 12/16 (75.0%)**,##

NIV 1/110 (0.9%) 0 (0.0%) 0 (0.0%) 1/16 (6.3%)

Table 1: Demographic and clinical characteristics during hospitalization.
1. Data are n (%), n/N (%) or median (IQR). N is the total number of patients with available data.

2. Abbreviations: BMI, body mass index; CRP, C-reactive protein; SAA, serum amyloid A; GGO, ground-glass opacities; HFNC, high-flow nasal cannula. NIV,

noninvasive ventilation.

3. *p < 0.05 and **p < 0.01, compared with Mild.
#p < 0.05 and ##p < 0.01, compared with Moderate. Significance values have been adjusted by the Bonferroni correction for multiple comparisons.

4. yPeripheral blood cell count was obtained at the day of admission.

Articles
males throughout all visits. The change rates of these
diffusion indexes showed no significant difference
according to gender (Table 3). But in patients with
impaired diffusion capacity, DLCO% pred and KCO%
pred had no significant difference between males and
females at discharge. The change rate of DLCO% pred
and KCO% pred in females in 0−3 months after dis-
charge was significantly lower than that in males (both
p < 0.01). There was no significant difference in the
change rate of DLCO% pred and KCO% pred in 3−6
months between gender. While the VA change rate
between males and females had no significant differ-
ence in 0−3 months and 3−6 months. The female’s
www.thelancet.com Vol 43 Month January, 2022
proportion with impaired DLCO and KCO were signifi-
cantly higher than male’s after Month 3 (Appendix p 6).
Discussion
To our knowledge, the dynamic changes of pulmonary
function in patients with COVID-19 since discharge
have not been described in previous follow-up studies.
The current study was firstly discussed longitudinally
dynamic trends of lung function since discharge. The
results demonstrated that the first three months after
discharge may be a critical period for recovery of DLCO

for COVID-19 patients. It was possibly associated with
5



At discharge Month 3 Month 6

Spirometry (N = 85)

FVC% predicted 95.1 § 10.9 96.6 § 11.8 95.6 § 11.7

FVC < 80% predicted 7 (8.2%) 6 (7.1%) 6 (7.1%)

FEV1% predicted 93.6 § 10.7 93.6 § 11.0 92.3 § 11.5

FEV1 < 80% predicted 8 (9.4%) 7 (8.2%) 8 (9.4%)

FEV1/FVC% 81.7 § 6.2 80.7 § 5.7 81.1 § 6.1

FEV1/FVC< 70% 3 (3.5%) 3 (3.5%) 3 (3.5%)

Lung volume (N = 86)

TLC% predicted 88.4 § 9.0 90.6 § 9.0** 91.5 § 9.5**

TLC < 80% predicted 11 (12.8%) 9 (10.5%) 7 (8.1%)

RV% predicted 88.4 § 16.8 90.6 § 16.3 98.7 § 18.3**,##

RV < 65% predicted 3 (3.5%) 2 (2.3%) 2 (2.3%)

Diffusion capacity (N = 86)

DLCO% predicted 79.8 § 12.0 84.9 § 12.0** 85.7 § 12.8**

DLCO < 80% predicted 35 (40.7%) 30 (34.9%) 28 (32.6%)

KCO% predicted 91.7 § 14.3 95.7 § 16.3** 95.0 § 17.0**

KCO < 80% predicted 21 (24.4%) 12 (14.0%)** 17 (19.8%)

VA L/min 4.9 § 0.9 5.0 § 0.9** 5.1 § 0.9**,#

Sequela symptomsy (N = 110) 74 (67.2%) 60 (54.5%)** 50 (45.5%)**

mMRC score≥ 1 (N = 110) 10 (9.1%) 5 (4.5%) 4 (3.6%)*

Table 2: Sequela symptoms and pulmonary function findings of COVID-19 patients in different follow-up periods.
1. Data are n (%), mean § SD or median (IQR).

2. Abbreviations: mMRC, modified Medical Research Council dyspnea scale; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; TLC,

total lung volume; RV, residual volume; DLCO, diffusing capacity of the lung for carbon monoxide; KCO, transfer coefficient of the lung for carbon monoxide.

3. *p < 0.05 and **p < 0.01, compared with at discharge.
#p < 0.05 and ##p < 0.01, compared with Month 3. Significance values have been adjusted by the Bonferroni correction for multiple comparisons.

4. y: The proportion of patients with at least one sequela symptom.
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the improvement of KCO and VA in different periods.
KCO and VA might improve slowly after the first three
months. In addition, compared with males, female
patients had more severe diffusion impairment and
lower recovery rate.

DLCO mainly depends on two factors, including the
rate constant for carbon monoxide uptake from alveolar
gas and the “accessible” alveolar volume. Decreased
KCO occurs in alveolar−capillary damage, microvascular
pathology, or anemia. Decreased VA occurs in reduced
alveolar expansion, alveolar damage or loss, or maldistri-
bution of inspired gasses with airflow obstruction.24,25

Compared to discharge, DLCO improved at three months
and six months after discharge. But the recovery from
discharge to three months was faster than that from
three to six months. KCO improved mainly within three
months after discharge, and the subsequent improve-
ment rate was very low. Besides, VA had sustained
improvement within 6 months after discharged, but the
improvement had a decreased trend over time. It sug-
gested that the capillary component damage and accessi-
ble alveolar volume reduction presenting in COVID-19
patients may mainly recover within the first three
months after discharge. Above of these demonstrate
that the first three months post-discharge may be an
essential period for DLCO recovery.
In a longitudinal cohort study on COVID-19 recently
published, researchers completed pulmonary tests at 6-
month and 12-month follow-up visit and discovered that
the lung diffusion impairment did not significantly
improve from six months to twelve months.26 This sug-
gests that the improvement of diffusion function in
patients with COVID-19 may mainly occur within the
first 6 months after discharge. There are 33%�34.8% of
patients with COVID-19 still had diffusion dysfunction
at twelve months after discharge.13,26 As previous stud-
ies reported, impaired diffusion capacity was also pres-
ent in patients with SARS or MERS. 21−52.7% of SARS
patients had diffusion dysfunction at one or even two
years after discharge.14−16 And 37% of MERS patients
had diffusion dysfunction one year after discharge.17

These studies indicate that diffusion dysfunction may
be the long-term sequela in coronavirus pneumonia. In
Liu et al., lung rehabilitation training within six weeks
after discharge could significantly improve DLCO% pred
in COVID-19 patients.27 Therefore, early lung rehabili-
tation training may be helpful in recovering the lung
function of COVID-19 survivors. In Wu et al., the
DLCO% pred of patients with severe COVID-19 also
showed some degree of recovery from six to twelve
months after discharge.13 Since the longest follow-up
period was six months in our study, it was difficult to
www.thelancet.com Vol 43 Month January, 2022



Figure 2. The changes of pulmonary diffusion capacity in COVID-19 patients with different severity during the follow-up.
DLCO, diffusing capacity of the lung for carbon monoxide; KCO, transfer coefficient of the lung for carbon monoxide; VA, alveolar

ventilation. Data is expressed as mean § SD. *p < 0.05 and **p < 0.01, compared with At discharge; #p < 0.05 and ##p < 0.01, com-
pared with Month 3.
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clarify the improvement of diffusion capacity more than
six months after discharge.

In the results of multivariate logistic analysis, at six
months after discharge, female and peak TLS > 8.5
points were risk factors for diffusion capacity
impairment. Peak TLS was associated with the severity
of COVID-19 patients.12,28 Previous studies have
reported that female was the risk factor for the
impairment of diffusion capacity in COVID-19 patients
at both six months and twelve months post-
discharge.12,13,26 The same result was also shown in our
study.

Further analysis shows that female patients had
lower DLCO% pred and KCO% pred than males at dis-
charge. It suggested that female patients may suffer
from more severe damage of alveolar capillary and
microvascular in COVID-19. In patients with impaired
diffusion function, women had lower change rates of
DLCO% pred and KCO% pred in 0−3 months than men.
So the DLCO% pred and KCO% pred in females less than
males after 0−3 months. It indicated that the improve-
ment of alveolar capillary and microvascular damage in
www.thelancet.com Vol 43 Month January, 2022
females might be poorer than males. Takahashi et al.
proved that male patients had higher plasma levels of
innate immune cytokines and more robust induction of
non-classical monocytes, while female patients had
more robust T cell activation than male patients during
SARS-CoV-2 infection.29 Another study showed that
female patients can express more ZNF proteins and
stronger transcriptional activities than male patients in
response to SARS-CoV-2 infection. The ZNF protein
activity might promote the abundance and the antiviral
activity of multiple immune cells to effectively suppress
SARS-CoV-2 infection.30 These studies suggest that dif-
ferent immune response mechanisms exist between
men and women. However, gender differences in these
mechanisms may cause the more severe damage and
difficult recovery of alveolar capillary and microvas-
cular in women, which in turn affects their diffusion
capacity.

Some limitations should be noted in our study.
Firstly, we have only carried out the follow-up for the
first six months. The long-term prognosis of diffusion
capacity in patients with COVID-19 remains unclear.
7



Figure 3. The dynamic changes of the diffusion capacity in patients with COVID-19 during the follow-up (N = 86).
(A) The trends of DLCO, KCO and VA at the follow-ups. Data is expressed as a percentage of the discharged value, the shaded areas

are 95% confidence intervals (CI). The Generalized Linear Models function in R package 'stats' (version 4.0.3) is used to fit a general-
ized linear model using a formula 'y » poly(x, 2). The Violin plots show the mean and standard deviation of (B) DLCO, (C) KCO, and (D)
VA. DLCO, diffusing capacity of the lung for carbon monoxide; KCO, transfer coefficient of the lung for carbon monoxide; VA, alveolar
ventilation. *p < 0.05 and **p < 0.01, compared with At discharge; #p < 0.05 and ##p < 0.01, compared with Month 3.
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Secondly, the data of pulmonary function before infec-
tion with SARS-CoV-2 are lacking. It is difficult to
directly clarify the impact of COVID-19 on diffusion
capacity. Thirdly, the exercise capacity (e.g. 6 min walk
distance test) were not assessed during the follow-up.
So that the changes of cardiopulmonary function and
exercise endurance in COVID-19 patients could not be
observed. Finally, our findings reflect the “natural histo-
ry” of the COVID pneumonia. The subsequent recovery
of the lung function may be modified in patients who
receive anti-inflammation therapy.

Overall, we have firstly described the dynamic
changes of pulmonary function in COVID-19 patients
since discharge to six months post-discharge. Diffusion
dysfunction is a common pulmonary sequela in
COVID-19. The first three months is the critical period
for diffusion capacity recovery, which may be associated
with the recovery of the capillary component damage
and accessible alveolar volume reduction. The impaired
diffusion capacity in females was more severe than
males at discharge. And in patients with impaired diffu-
sion capacity, females recovered slower than males. Fur-
ther investigation are needed to address the effects of
early pulmonary rehabilitation and gender-specific
interventions on the recovery of lung function in
COVID-19 survivors.
www.thelancet.com Vol 43 Month January, 2022



Figure 4. Risk factors associated with impaired DLCO during the follow-up.
Impaired DLCO is defined as DLCO < 80% at discharged. DLCO, diffusing capacity of the lung for carbon monoxide; Peak mMRC,

peak modified British Medical Research Council dyspnea scale during hospitalization; Peak TLS, peak chest CT total lesion score dur-
ing hospitalization; OR, odds ratio. The group of Non severe included mild and moderate patients.
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At discharge Month 3 Month 6

Male Female Male Female Male Female

Spirometry

FVC% predicted,% 94.2 § 9.0 96.0 § 12.4 95.7 § 10.0 97.4 § 13.3 93.2 § 9.4 97.8 § 13.2

FVC < 80% predicted 1/40 (2.5%) 6/45 (13.3%) 1/40 (2.5%) 5/45 (11.1%) 3/40 (7.5%) 3/45 (6.7%)

FEV1% predicted,% 92.0 § 9.2 95.1 § 11.8 92.3 § 9.0 94.6 § 12.5 90.4 § 8.9 94.0 § 13.2

FEV1 < 80% predicted 4/40 (10.0%) 4/45 (8.9%) 3/40 (7.5%) 4/45 (8.9%) 4/40 (10.0%) 4/45 (8.9%)

FEV1/FVC% 80.1 § 6.4 83.0 § 5.8* 79.4 § 6.3 81.9 § 4.8* 79.8 § 6.7 82.3 § 5.4

FEV1/FVC< 70% 2/40 (5.0%) 1/45 (2.2%) 2/40 (5.0%) 1/45 (2.2%) 2/40 (5.0%) 1/45 (2.2%)

Diffusion capacity

DLCO% predicted,% 82.7 § 12.0 77.1 § 11.4* 89.4 § 11.3 80.8 § 11.2** 89.5 § 11.8 82.1 § 12.9**

DLCO < 80% predicted 14/41 (34.1%) 21/45 (46.7%) 7/41 (17.1%) 23/45 (51.1%)** 7/41 (17.1%) 21/45 (46.7%)**

KCO% predicted,% 98.0 § 12.8 85.9 § 13.2** 104.2 § 15.0 87.9 § 13.5** 103.0 § 15.3 87.7 § 15.1**

KCO< 80% predicted 5/41 (12.2%) 16/45 (35.6%) 2/41 (4.9%) 10/45 (22.2%)* 2/41 (4.9%) 15/45 (33.3%)**

VA L/min 5.6 § 0.7 4.3 § 0.6** 5.8 § 0.7 4.4 § 0.6** 5.8 § 0.8 4.8 § 0.6**

Recovery rate Discharge to Month 3 Month 3 to Month 6

DLCO% predicted,% 9.2 § 14.0 4.5 § 9.2 0.5 § 8.7 1.9 § 9.9

KCO% predicted,% 6.6 § 11.3 2.7 § 8.0 �1.5 § 7.2 �0.2 § 8.9

VA L/min,% 4.1 (�0.6, 6.9) 1.90 (�1.6, 5.4) 0.5 (�1.8, 4.2) 1.1(�2.4, 5.2)

Lung volume

TLC% predicted,% 84.9 § 7.5 91.6 § 9.1** 87.9 § 6.9 93.1 § 9.9** 88.2 § 7.2 94.5 § 10.3**

TLC < 80% predicted 9/41 (22.0%) 2/45 (4.4%)* 5/41 (12.2%) 4/45 (8.9%) 4/41 (9.8%) 3/45 (6.7%)

RV% predicted,% 86.2 § 16.2 90.4 § 17.3 88.7 § 14.9 92.2 § 17.4 97.4 § 18.0 99.9 § 18.8

RV < 65% predicted 2/41 (4.9%) 1/45 (2.2%) 1/41 (2.4%) 1/45 (2.2%) 1/41 (2.4%) 1/45 (2.2%)

Sequela symptomsy 34/53 (64.2%) 40/57 (70.2%) 26/53 (49.1%) 34/57 (59.6%) 21/53 (39.6%) 29/57 (50.9%)

mMRC score ≥1 5/53 (9.4%) 5/57 (8.8%) 2/53 (3.8%) 3/57 (5.3%) 1/53 (1.9%) 3/57 (5.3%)

Table 3: Sequela symptoms and pulmonary function findings in COVID-19 patients categorized by gender in different follow-up periods.
1. Data are n/N (%), mean § SD or median (IQR). N is the total number of patients with available data.

2. Abbreviations: FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; KCO,

transfer coefficient of the lung for carbon monoxide; RV, residual volume; TLC, total lung volume; mMRC, modified Medical Research Council dyspnea scale.

3. *p < 0.05 and **p < 0.01, compared with Males.

4. y: The proportion of patients with at least one sequela symptom.
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